Publication of statistically significant research findings in prosthodontics & implant dentistry compared to in the context of other dental specialties
Introduction
Statistical significance seems to influence the attractiveness and consequent publication of research. 1 Albeit the commonality of this approach, it is accepted that interpretation based solely on P-values can be misleading 2 and is usually made at the expense of other more meaningful measures, such as the effect size and the associated confidence intervals. [3] [4] [5] The authors' perception of the 'attractiveness' of the results can lead to selective reporting of study findings (reporting bias).
The wider family of reporting bias includes, but is not limited, to time lag bias, multiple (duplicate) publication bias, location bias, citation bias, outcome reporting bias and publication bias. 6 Publication bias is defined as the selective publication of studies based on the nature and direction of their results. 7 There is empirical evidence that studies with statistically non-significant results are more likely to be published with delay or not at all compared to studies with significant results. The discrepancy in the probability of publication between studies with significant vs. nonsignificant results has been associated with the unwillingness of researchers to submit "nonappealing" studies 8 to journals and/or the predilection of reviewers and journal editors to accept for publication studies with positive or significant results. 6 It has also been shown that trials with significant results, especially those with external financial support, are published sooner than nonsupported studies. 9 Selective publication of studies may jeopardize the validity of systematic review estimates and consequently healthcare recommendations, as they are based on only a subsample of existing studies.
No evidence of association between reporting bias in the dental literature and journal impact factor has been identified, 10, 11 whereas conflicting evidence exists between industry sponsorship and significant findings. 12, 13 Less than half of the abstracts presented at leading dental conferences proceeded to full publication. 14 Disproportionate publication of significant research findings has been previously reported across [10] [11] [12] or within dental specialties, 15, 16 but no such report exists exclusively for the field of prosthodontics or implant dentistry. It is difficult to directly assess the presence of publication bias, as this would require identifying all studies submitted to journals including those that were eventually not accepted for publication. However, the discordance in publications between studies with significant results and studies with non-significant results can be used as a possible proxy for publication bias.
Therefore, the objective of this study was to record the prevalence of reporting statistically significant results in prosthodontic and implant dentistry journals and to examine possible associations between significant/non-significant results and report characteristics. A secondary aim was, where applicable, to pool the results of this study with those of similar studies in dentistry. . 5 Case reports, review articles, editorials, letters, and any reports without statistical analyses were excluded. When an article contained both statistically significant and statistically non-significant results, the decision was based on the primary outcome comparison or the first reported result, if no distinction between primary and secondary outcomes was provided.
Materials and Methods

Four
From the included articles two authors (S.N.P., D.K.) extracted information on year of publication, continent of origin (based on the corresponding author), ethical approval, methodologist involvement, number of involved study centers, study type (in vitro, interventional, or observational), and trial type whether the study was an RCT. Custom data collection forms were prepared and the two authors were calibrated before the start of the study. The calibration exercise comprised of 80 randomly selected reports. Inter-rater reliability was assessed using the kappa statistic on sixty eighty randomly chosen reports.
In the first part of the study factors associated with reporting of statistically significant results from the included studies were investigated. After confirming that the data were normally distributed, descriptive Descriptive statistics (frequency and sample size) were calculated and univariable logistic regression analyses were implemented in order to examine possible associations between statistical significance or absence of statistical significance presence or absence of statistical significance (independent variable) and the following report characteristics:
journal, publication year, geographical area, ethical approval, study design, trial type, methodologist involvement and number of centers. A The multivariable logistic regression was conducted to control for confounding and included only significant predictors at α = 0.20 from the univariable analyses to avoid multiplicity issues. Model fit was examined using the HosmerLemeshow test. Statistical significance was set at a two-sided P < 0.05. The results of the logistic regression are reported as Odds Ratio (OR) with associated 95% Confidence Interval (CI).
In the second part of the study, the results of the present study were compared with similar bibliographic studies published in dentistry. 10, 12, [17] [18] [19] [20] [21] [22] [23] through meta-analysis of the The proportions of statistically significant results. were pooled across studies with A random-effects model metaanalysis according to the DerSimonian and Laird 25 24 method was chosen, as several factors have been shown to affect the reporting of statistically significant results. Forest plots were constructed to present the resulting probabilities with their 95% CIs. Heterogeneity across studies was identified through inspection of the forest plots and calculating the I 2 statistic, defined as the proportion of total variability in the results explained by heterogeneity and not by chance. 25 The 95% uncertainty intervals (95% UIs) (similar to CIs) around the I 2 were calculated using the noncentral approximation of Q. Differences according to the design of the assessed studies or among the various dental specialties were investigated with mixed-effects subgroup analysis with the Knapp-Hartung adjustment. 26 When considerable heterogeneity was identified (I 2 between 75% and 100%), data were not pooled to avoid producing misleading results 25 . All statistical analyses were conducted with the statistical software Stata 13.1 (Statacorp, College Station, TX, USA) and the macros logit, metaprop, heterogi, and metareg.
Results
In total, 3667 articles were examined initially; 1344 were excluded for not adhering to the predetermined inclusion criteria, leaving 2323 for assessment ( Fig. 1 ). Inter-rater agreement was found to be excellent (kappa 0.88, 95% CI: 0.87-0.89). The included articles reported on a wide selection of topics ranging from surgical implant procedures and techniques, survival of implants and prostheses, biological responses, clinician's perspective of esthetics and patient satisfaction. Table 1 shows the distribution of statistically significant and non-significant findings for the 2323 articles by journal, publication year, continent, ethical approval, involvement of a methodologist, number of centers, study type (in vitro, observational or interventional) and trial type [randomized controlled trial (RCT) or non-RCT]. Seventy one percent of the selected articles reported statistically significant results with a range from 47% 57%-86% depending on the examined parameter ( Table 1) . The % of studies with statistically significant results by journal are shown in Fig. 2 .
In Table 2 , the ORs and 95% CIs derived from the univariable and multivariable logistic regression analyses are presented. In the univariable analysis, journal, ethical approval, continent, study type and RCT vs Non-RCT were identified as significant predictors. In the multivariable analysis great variability in the odds of reporting significant findings was seen among the various journals, with ORs ranging from 1.07 to 3.94 compared to baseline. Most multivariable ORs were slightly altered compared to the univariable ORs, with the exception of Journal of Dentistry and Journal of Prosthetic Dentistry, where the ORs were almost halved. Significant findings were more frequently reported from studies originating from Europe, Asia, or other continents (apart from Americas) compared to Europe Americas. The odds of reporting a significant result were increased by 1.35 and 1.20 times for observational and in vitro studies, respectively, compared to interventional studies. Also, there was some evidence that non-randomized studies were more likely to report significant results compared to randomized studies (OR: 1.47; 95% CI: 1.00 to 2.17).
Finally, there was evidence that involvement of a statistician (OR: 1.30, CI 95%: 1.01, 1.68) and ethics approval (OR: 1.31, 95% CI: 1.06, 1.62) were associated with reporting of statistically significant results.
The reported probabilities of significant results of the present study together with the results of other similar studies are shown in Table 3 , divided in reports including various study designs and reports including only RCTs. No meta-analysis within each subgroup was conducted, due to extreme heterogeneity (I 2 >75%). The probability of statistically significant results in studies including all designs ranged between 71% to 88%, while the corresponding probability in RCTs ranged between 31% to 84% (Fig. 3) . Mixed-effect subgroup analysis indicated that reports including various study designs were associated with increased probability of reporting statistically significant results compared to RCTs (difference: 30%, 95% CI: 11%-49%, P=0.001). The probability of statistically significant results stratified according to dental specialty, are reported in Fig. 4-5 . Considerable variation in the probability of significant results was found among specialties across all study designs (range: 68% 76%-90%; Fig. 4 ) and solely within RCTs (range: 38%-68%; Fig. 5 ), though this variation among specialties was not statistically significant (P>0.05 in both cases for mixed-effect subgroup analysis according to dental specialty).
Discussion
This cross-sectional study investigated the prevalence of statistically significant results in the prosthodontic and implant dentistry literature and explored possible associations between study results and report characteristics. Evidence for the preponderance of statistically significant results was found in the prosthodontic and implant dentistry literature. The multivariable analysis indicated that journal, ethical approval, continent, statistician involvement and study design were significant predictors associated with reporting of statistically significant results. However, the prevalence of publications with statistically significant research findings was relatively low compared to the published prevalence in dentistry among various study designs (low end of the spectrum in Fig 3) , but relatively high compared to the published prevalence in dentistry among RCTs (high end of the spectrum in Fig 3) .
Considerable variability in the reporting of significant results was found among the 9 investigated journals. However, this could be due to differences in the study types published in each journal, as some of the included journals published considerably more in vitro or observational studies and a smaller percentage of clinical trials compared to others.
Reporting of significant results was not associated with study publication year, although this was difficult to assess, as the varying number of issues/year for each journal and the inclusion of the last 30 issues meant that different years were covered for each journal.
According to the results of the multivariable analysis, there was a significant association between ethical approval obtained for the study and reporting of significant results. It has been previously been reported, that even studies with ethical approval are associated with excessive reporting of statistically significant findings. 27 Ethical approval is usually sought for clinical studies that include patients or patient tissues, while the rate of ethical approval varies among RCTs, cohort, and cross-sectional studies. 28 It might be hypothesized that researchers conducting clinical studies are under pressure to find statistically significant results originating from the corresponding funding agencies. However, interpretation should be done with caution.
The results of this study showed that papers originating from Asia had increased odds of reporting significant results compared to papers originating from Europe. This is in accordance with previous studies 12 and reflects recent empirical evidence 26 29 indicating that trials from developing countries tend to show more favorable treatment effects than trials originating from developed countries. This could arise from biases in study conduct / reporting or could mirror genuine differences in baseline risks or treatment modalities.
The importance of the participation of a statistician in improved study quality has been documented. 27 30 Research without methodological assistance has been reported to be more susceptible to rejection without review and/or publication. 28 31 This finding could be attributed to the moderate statistical skills of clinical medical 29 32 and dental researchers 30,31 33,34 or dental postgraduate students, 32 35 which could lead to misuse of statistics. In this study, involvement of a statistician was associated with higher odds of reporting of significant findings.
The results of this study also highlighted the fact that study design seems to be associated with reporting of significant results, with interventional studies, and especially randomized clinical trials, being less likely to report significant results compared to observational or in vitro studies.
Combining the results of the present study with other similar studies, significantly higher prevalence of statistically significant research findings was found among studies of various designs compared to RCTs (P=0.001). This is an important finding with implications on appropriate interpretation of weaker designs and is in agreement with previous reports. 12, 18 Misleading interpretation of weaker studies can be further exacerbated by the predominance of exaggerated treatment effects often associated with those studies compared to RCTs. 33 36,37 Publication in a journal is dependent on the three entities involved in the publication process, namely the authors, the reviewers and the editors. Authors can be influenced by their perception of the importance of their results, which can arise from the significant results of either pre-specified or data driven analyses. Bias from the authors' perspective accounts to some degree for the disproportional publication of positive results, 35 38 as these are thought to be more suitable for submission to a prestigious journal. Failure to publish a negative report of a well-conducted trial, especially when funded by federal/national agencies, is considered as scientific misconduct, as it can guide to inappropriate treatment decisions and waste of resources. 36 39 Selective publication of research findings can also be precipitated from the editorial side of a scientific journal. Peters and Ceci 37 40 resubmitted 12 articles, already accepted and published, to psychology journals after slightly altering the title and the introduction, and substituting the authors' names and institution details with unknown authors and small institutions (the article dealt with open reviews). Of the 12 manuscripts, 9 (75%) were not identified as already published, and a striking 67% (8) were rejected for reasons related to the soundness and validity of their methods. Abbot and Ernst, 38 41 in contrast to the previous study, reported that reviewers were no more likely to recommend publication of a paper based on the statistical significance of its results.
Moreover, when the authors were allowed to propose reviewers, manuscripts judged by the reviewers appointed by the editor received on average lower scores than when reviewed by the author preferred referees. 39 42 The accumulated evidence supporting editors' bias in favoring manuscripts includes a survey of 36 editors, which showed that articles were judged based on a vaguely defined criterion of ''significance and importance of work'' rather than the validity of the experimental and statistical methods. 40 43
Limitations
The limitations of this study included the absence of duplicate data extraction on the whole sample of articles. However, misclassification between reviewers was expected to be limited given that the outcome was fairly easy to be correctly identified, as confirmed also by the high inter-rater agreement. Classification of clinical trials was based on reporting only; however, lack of information on the published article does not necessarily mean that correct trial procedures were not implemented. Additionally, in this study the significance of research findings were divided into significant and non-significant. Another approach, as pointed out in a recent article, 13 would be to classify the results as positive, mixed or negative on the basis of their statistical and their clinical implications, however this includes a certain degree of subjectivity. Furthermore, although we adopted a meta-analytical synthesis approach, this was not done in the framework of a proper systematic review. Finally, it is difficult to directly assess the presence of publication bias, as this would require identifying all studies submitted to journals including those that were eventually not accepted for publication. In this sense, the discordance in publications between studies with significant results and studies with non-significant results can be used as a proxy for publication bias.
Recommendations
Reporting bias is a multifaceted phenomenon and therefore must be dealt at various levels of the 
Conclusions
The analysis of the selected prosthodontic and implant dental literature indicated that 71.3% of included study reports reported statistically significant results, which might indicate selective publication of research finding, favoring statistically significant results. The adjusted analysis showed evidence of association between reporting significant results and journal, geographical area, involvement of a methodologist, ethical approval, and study design.
Compared to similar studies in various dental specialties, the prevalence of significant research findings in prosthodontics and implant dentistry is lower, whereas reporting statistically significant findings in RCTs is on the higher end of the spectrum.
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